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Purpose: The purpose of this study was to estimate the 1-year survival rate of immediate vertical-load
splinted locking-taper implants and to identify risk factors for implant failure. Materials and Methods: To
address the research aim, the investigators implemented a retrospective cohort study design and
enrolled a sample derived from the population of patients who had received immediate vertical-load
splinted implants (Bicon, Boston, MA). The predictor variables were the sets of exposures associated with
implant failure and classified as demographic, health status, anatomic, implant specific, prosthetic, and
surgical. The primary outcome variable was implant failure, which was defined as implant removal.
Descriptive, univariate, and multivariate analyses using clustered marginal approach of the Cox propor-
tional hazards models were computed. The level of statistical significance was set at P < .05. Results:
The study cohort was composed of 209 patients who received 477 implants. The overall 1-year Kaplan-
Meier survival estimate was 90.3% (95% CI: 86.9%, 93.7%). In the multivariate model, implant place-
ment in a delayed manner versus implantation the same day as extraction (hazard ratio = 3.7, P = .002),
uncoated implants versus coated implants (hazard ratio = 22.1, P < .001), and an increased per-unit
number of pontics involved in the temporary prosthesis (hazard ratio = 1.8, P < .001) were statistically
associated with an increased risk of implant failure. Conclusions: An overall 1-year survival estimate of
90.3% (95% CI: 86.9%, 93.7%) was calculated for immediately loaded splinted implants. After controlling
for other variables, 3 variables—timing of implant placement relative to extraction (delayed implant place-
ment after tooth extraction), coating of implant (uncoated), and increased number of pontics—were asso-
ciated with an increased risk for implant failure. INT J ORAL MAXILLOFAC IMPLANTS 2008;23:105–110
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For more than 20 years, the standard protocol for
placing dental implants has been a 2-stage

approach. During the first stage, the implant is
inserted and permitted to heal without loading for 3
to 6 months. During the second stage, the implant is
exposed and then loaded with a prosthesis.1,2 The
load-free healing period was proposed to be a criti-
cal element for implant integration.3 The rationale for
the delay between implant placement and loading
was that osseointegration must take place before the
implant is loaded to minimize the risk of failure.4,5

Some patients object to remaining edentulous dur-
ing this prolonged treatment course.4 To address this
patient-initiated demand for shorter treatment, clini-
cians have initiated innovative treatment protocols,
including loading implants 0 to 3 days after placement.4

When full occlusal load is placed on the implant
through a provisional or definitive prosthesis within 72
hours after placement, the implant is considered imme-
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diately loaded.6 Immediate loading of implants short-
ens treatment time and also provides patients with an
acceptable esthetic appearance during the treatment
period.7 There is concern, however, that this protocol
may result in an increased frequency of implant failure.8

The purpose of this study was to evaluate clinical
outcomes of immediately loaded implants. The
hypothesis of this study was that 1 or more risk fac-
tors that exist that can be modified by the clinician
to decrease the probability of implant failure. The
specific aims of this study were to estimate the 1-
year survival rate of immediately loaded implants
and to identify risk factors for implant failure.

MATERIALS AND METHODS

Study Design and Sample 
The investigators applied a retrospective cohort study
design to address the specific aims of the study. The
sample was derived from a population of patients who
had been treated with Bicon implants (Bicon, Boston,
MA) placed by practitioners at the Implant Dentistry
Centre at Faulkner Hospital (IDC-FH), Boston, Massa-
chusetts, between July 2001 and July 2003. A total of
1,331 implants were placed in 646 patients during this
period. All subjects who had had implants placed and
immediately loaded were eligible for inclusion in the
study. Immediately loaded implants were defined as
locking-taper implants that had been restored with a
functional, vertically loaded, fixed provisional prosthe-
sis placed on the implant and stabilized by splinting to
adjacent teeth or fixed restorations within 24 hours of
implant placement. In the overwhelming majority of
cases, the provisional restoration was placed on the
same day as implant insertion. Patients who did not
have primary stability at the time of implant place-
ment or who did not have any available adjacent
structures for bonding of the provisional restoration
could not be treated with the immediate stabilization
and function technique.

Study Variables
The predictor variables were grouped into the fol-
lowing categories:

1. Demographic variables: These variables included
the patient’s age at time of implant placement
(years) and gender.

2. Health-status variables: Current tobacco use sta-
tus and whether the patient had a medical condi-
tion that could affect wound healing (eg, diabetes,
chronic steroid use, or radiation therapy to the
head and neck) were recorded.

3. Anatomic variables:The anatomic variables included
implant location (maxilla, mandible, anterior, poste-
rior), dentition status (partially edentulous or full-
arch edentulism), bone quality (types 1 to 4), and
implant relationship to other teeth or implants.
Bone quality was determined at the time of implant
placement. The amount and appearance of bone in
the flutes of the 3.5-mm reamer were evaluated fol-
lowing withdrawal of the reamer from the
osteotomy.9,10 Type 1 classification was used for cor-
tical bone that was compact and nearly bloodless.
Type 2 classification was used if the flutes were filled
with red bone. Type 3 was used for intermediate
findings.Type 4 was used if there was no bone in the
flutes. Implant relationship to other dentoalveolar
structures was grouped into the following cate-
gories: number of implants, number of root
canal–treated teeth, number of teeth with periapical
radiolucencies adjacent to the implant, and whether
the implant site was previously root canal–treated.

4. Implant-specific variables: These variables
included implant size (width, length), implant
coating (uncoated, titanium plasma-sprayed [TPS],
or hydroxyapatite [HA]), and size of the implant
well (Fig 1).

5. Prosthetic variables: The main prosthetic variable
was the total number of units in the prosthesis,
defined as the sum of implants, natural teeth, and
pontics making up the temporary prosthesis. This
variable was subdivided into 3 categories: the
total number of natural teeth, the total number of
pontic units, and the total number of implants
participating in the temporary prosthesis.

6. Surgical variables: These variables included treat-
ments used to reconstruct the implant recipient
site (eg, internal or lateral sinus lifts), barrier mem-
branes, autologous or allogeneic bone grafts, and
timing of implant placement relative to the tooth
extraction (ie, immediate or delayed).

7. Survival analysis: The following information from
each chart was recorded: date of implant place-
ment, dates of follow-up visits, and date of
implant removal if applicable.

Fig 1 The integrated abutment crown (IAC) and implant of the
Bicon implant system (Bicon, Boston, MA).
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Outcome Variables
Implant failure, defined as removal of the implant,
was the primary outcome variable. The time between
implant placement and the date of the last follow-up
or implant removal was used to calculate the dura-
tion of implant survival in months.

Treatment Protocol
The clinical treatment protocol required that the
prosthesis be stabilized by bonding to adjacent teeth
or to other implants during the osseointegration
period. All lateral contacts were eliminated to pre-
vent breakage of the bonding to adjacent teeth or
implants. The following is a summary of steps in the
treatment protocol.

1. The tooth is extracted or the osteotomy is pre-
pared in a conventional manner.

2. The adjacent teeth or crowns are etched for bond-
ing.

3. The implant is inserted so that it is at least 5.0 mm
below the buccal soft tissue.

4. An appropriate abutment of an appropriate width
is chosen.

5. A transitional prosthesis is fabricated and placed
onto the abutment to confirm fit and occlusion.

6. The transitional prosthesis is bonded to adjacent
teeth in a secure manner to stabilize the transi-
tional prosthesis.

7. The transitional prosthesis may be removed after
a minimum of 10 weeks of healing, and the
implants may be restored in the intended
manner.11

Statistical Analysis
Microsoft Excel (Microsoft, Redmond, WA) was used
to create the database. SAS (SAS Institute, Carey, NC)
statistical software was used for data and statistical
analysis. Descriptive statistics were computed for all
study variables. Nonparametric Kaplan-Meier survival
analyses were used to predict the overall 1-year sur-
vival rate with associated 95% confidence intervals.
Covariates associated with survival were identified
using Cox proportional hazards marginal regression
analyses based on the semiparametric methodology
adjusted for clustered, correlated observations. Uni-
variate analyses with covariates with P values ≤0.15
and biologically important variables (ie, age and sex)
were considered candidate variables for inclusion in
the multivariate Cox model for evaluation of statisti-
cal significance (P ≤ .05). The Cox proportional hazard
modeling approach controlled for confounding fea-
tures that might affect the outcomes simultaneously
(eg, uncoated implant in a female with a site lacking
primary stability).

RESULTS

During the study interval, July 2001 to July 2003, 209
subjects received a total of 477 immediately loaded
implants. The mean duration of clinical follow-up time
was 9.2 months ± 6.0 months (range, 0.0 to 25.3
months). The descriptive statistics are summarized in
Table 1. The mean age of the sample was 54.4 ± 15.8
years (range, 15 to 91 years). Nearly half (48.8%) of the
patients were male, and 8.7% reported tobacco use.
Most of the implants were placed in the maxilla
(75.7%) and in an anterior position (53.0%). Fifty per-
cent of the implants were placed immediately after
tooth extraction. The majority of the implants placed
(98.5%) were coated with either HA or TPS. The overall
1-year Kaplan-Meier survival estimate was 90.3% (95%
confidence interval [CI], 86.9% to 93.7%; standard error
[SE], 1.7).

The Cox univariate associations between the
study variables and implant failure are summarized
in Table 2. Four variables were statistically associated
with implant failure: age (P = .04), coating (P = .002),
total pontic units (P < .001), and condition of implant
site (healed extraction site; P = .02). These variables
were considered candidate variables for inclusion in
the multivariate model.

To create the multivariate model, a set of variables
were selected that were biologically important (age
and sex) or were statistically or near statistically associ-
ated with implant failure (ie, P ≤ .15). In the multivariate
model, coating, total pontic units, and condition of the
implant site (healed extraction site) remained statisti-
cally associated with implant failure (Table 3). The
adjusted hazard ratio for coating was 22.1 (95% CI: 6.6
to 74.6; P < .001). This hazard ratio is interpreted as
meaning that implants that were not coated have
22.1-fold increased risk of implant failure when com-
pared to coated implants.The adjusted hazard ratio for
total pontic units was 1.8 (95% CI: 1.3 to 2.5, P < .001).
This hazard ratio is interpreted as meaning that for
each pontic added to the temporary restoration, the
risk of implant failure increases approximately 1.8-fold.
The adjusted hazard ratio for condition of implant site
was 3.7 (95% CI: 1.6 to 8.3, P = .002). This hazard ratio is
interpreted as meaning that implants placed in a
delayed manner after tooth extraction had a 3.7 times
increased risk of failure compared to implants placed
and loaded immediately following tooth extraction.

DISCUSSION

The 2-stage protocol for placing implants has been
used for more than 20 years with very good long-term
results.1,2 Patients, however, have sometimes found
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the healing period uncomfortable, inconvenient, and
excessive.12 Patient demand has resulted in studies
encouraging shortened healing periods and immedi-
ately loaded implants.3 The purposes of this study
were (1) to estimate the 1-year survival of immediately
loaded Bicon dental implants and (2) to identify risk
factors associated with immediately loaded implants.

The results of this analysis suggest that the overall
1-year survival of the immediate-loaded implant sys-
tem was 90.3%, with an associated 95% CI of 86.9% to
93.7%. These survival results are lower than the mean
survival for other studies; 1-year survival rates of
97.1% to 100% have been reported for immediately
loaded implants.3,13,14 This study’s larger sample size,
when compared to other studies, may reflect a
broader, more general clinical experience, thus pro-
ducing a more accurate estimate of survival out-
comes. The previously reported survival rates may be
overly optimistic due to insufficient sample size or
duration of follow-up. Additionally, survival estimates
computed in a binary manner (ie, implant present at
the end of follow-up) tend to overestimate survival
compared to survival estimates computed using the
more appropriate Kaplan-Meier method. Also, survival
statistics computed without adjusting for clustered,
correlated observations also tend to overestimate
survival rates.15,16 Although there are some benefits

Table 1 Descriptive Statistics

Variable N %

Demographic
Mean age (n = 209) 54.5*
Sex (n = 209)

Male 102 48.8
Health status

Tobacco users (n = 208) 18 8.7
Anatomic

Anterior 253 53.0
Maxilla 361 75.7

Anterior 197 41.3
Posterior 161 33.8

Mandible
Anterior 58 12.1
Posterior 61 12.8

Dentition status (k = 477)
Partially edentulous 407 85.3
Completely edentulous 70 14.7

Bone quality (n = 176)
Type 1 7 4.3
Type 2 16 9.8
Type 3 56 34.1
Type 3–4 4 2.4
Type 4 81 49.4

Root canal–treated teeth at implant site (k = 337)
No 199 59.1
Yes 138 40.9

Implant site adjacent to root canal–treated teeth (k = 477)
None 363 76.1
1 96 20.1
2 18 3.8

Radiolucency at or adjacent to implant site (k = 477)
None 403 84.5
Implant site 31 6.5
Adjacent tooth 28 5.9
Implant site and adjacent tooth 15 3.1

Implant-specific
Implant diameter (k = 477)

3.5 mm 55 11.5
4.0 mm 40 8.4
4.5 mm 185 38.8
5.0 mm 166 34.8
6.0 mm 31 6.5

Implant length (k = 477)
6 mm 11 2.3
8 mm 327 68.6
11 mm 139 29.1

Implant coating (k = 476)
Uncoated (grit-blasted acid-etched) 7 1.5
TPS 28 5.9
HA 441 92.6

Implant well size (k = 477)
2 mm 95 19.9
3 mm 382 80.1

Prosthetic
Total no. of units (k = 476)

2 2 0.4
3 138 29.0
4 81 17.0
5 44 9.2
6 84 17.7
7 to 14 127 26.7

Table 1 Descriptive Statistics continued

Variable N %

Total no. of natural teeth (k = 476)
0 105 22.0
1 66 13.9
2 302 63.5
3 3 0.6

Total no. of pontics (k = 476)
0 391 82.1
1 35 7.4
2 14 2.9
3 29 6.1
4 3 0.6
5 4 0.8

Total no. of implants (k = 476)
1 128 26.9
2 87 18.3
3 68 14.3
4 66 13.8
5 to 14 127 26.7

Dentoalveolar reconstruction procedure 
at implant site (k = 477)

Yes 43 9.0
Condition of implant site at time of placement (k = 477)

Edentulous 238 49.9
Tooth extracted, implant immediately 231 48.4
placed
Implant removed, replacement implant 8 1.7
placed

*Mean age shown in years (SD, 15.8 years; range, 15 to 91 years).
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to selecting immediately loaded implants, primarily
increased convenience for the patient, there may be
an associated price to pay in terms of a decreased
rate of implant survival compared to implants placed
and loaded in a more conventional manner.

The second specific aim of this report was to iden-
tify factors associated with an increased risk for fail-
ure of immediately loaded implants. By using the Cox
proportional hazards model to adjust for other
covariates, 3 variables associated with an increased
risk for failure were found. The first variable, total
number of pontics used in the temporary prosthesis
(P < .001), had a 1.8-fold increased risk for implant
failure with each additional pontic added to the
restoration. It should be noted here that we did not
distinguish, for example, 3 consecutive or serial pon-
tics placed between 2 implants as constituting a
prosthesis, as opposed to 5 implants splinted

together with 1 pontic between each implant (3
pontics) to constitute a prosthesis. These 2 prosthe-
ses might behave differently.

The second variable was status of the implant
recipient site at the time of placement (ie, a fresh
extraction site or a healed or healing extraction site).
Implants placed in a delayed manner were associated
with an increased risk for failure (adjusted hazard ratio
= 3.7, P = .002) compared to implants placed in a fresh
extraction site. The third variable was implant coating
(ie, coated versus uncoated). Uncoated implants had a
22.1-fold increased risk for failure compared to coated
implants (P ≤ .001). However, the sample size was
small for the uncoated implants, and the statistical
significance of this might be due to chance.

A previous study reported a 100% success rate for
immediately loaded implants placed in healed sites
and an 82.4% success rate for immediately loaded

Table 2 Univariate Analysis of Factors (Exposures) Associated with Implant Failure 
(n = 209 subjects, k = 477 implants)

Exposures Hazard ratio estimate 95% CI P

Demographic variables
Mean age (n = 209) 1.03 1.0 1.1 .04
Gender (female) (n = 209) 1.2 0.6 2.3 .68

Health-status variables
Tobacco use (n = 208) 1.1 0.4 3.0 .92

Anatomic variables
Jaw (mandible) (k = 477) 0.6 0.3 1.6 .29
Location (posterior) (k = 477) 1.4 0.7 2.9 .31
Dentition status (k = 477) 0.5 0.1 2.1 .34
Bone quality (n = 164) 0.8 0.4 1.4 .37
RCT tooth at implant site (k = 337) 0.6 0.2 1.5 .22
Implant site adjacent to RCT tooth (k = 477) 0.8 0.3 2.0 .70
Radiolucency at or adjacent to implant site (k = 477) 1.0 0.3 2.9 > .99

Implant-specific variables
Diameter (k = 477) 0.9 0.5 1.7 .80
Length (k = 477) 1.0 0.8 1.3 > .99
Coating (k = 476) 6.8 2.1 22.6 .002
Well size (k = 477) 0.96 0.4 2.2 .92

Prosthetic variables
Total unit (k = 476) 1.1 0.9 1.3 .27
Total natural tooth (k = 476) 0.8 0.5 1.1 .18
Total pontic units (k = 476) 1.8 1.5 2.3 < .001

Surgical variables
Augmentation (k = 477) 0.8 0.2 3.1 .69
Condition of the implant site (k = 477) 2.5 1.2 5.4 .02

RCT = root canal–treated.

Table 3 Multivariate Cox Model (Adjusted) Associated with Implant Failure (n = 209 subjects, k = 477
implants)

Exposures Hazard ratio estimate 95% CI P

Age (per year increase) 1.02 0.99 1.1 .08
Gender (female) 1.2 0.6 2.4 .64
Condition of implant site (delayed) 3.7 1.6 8.3 .002
Coating (no.) 22.1 6.6 74.6 <.001
Total pontic units (per unit increase) 1.8 1.3 2.5 <.001
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implants placed in fresh extraction sites.13 This is
approximately a 20% risk of failure for immediate
loading of single-tooth implants placed in fresh
extraction sites.13 The current study shows that
immediate placement of implants decreases the risk
of failure for immediately loaded implants. The large
sample size of implants placed into fresh extraction
sites, 239, compared to 19 implants in the other study,
is a possible reason for the difference in results.

The 3 risk factors statistically associated with
implant failure (coating, total pontic units, and condi-
tion of implant site) may be controlled by the clini-
cian. A clinician can choose to use only coated
implants to decrease the risk of failure. The study
results suggest that clinicians should minimize the
number of pontics in the restoration. In fact, based on
these results, one may hypothesize that the ideal situ-
ation would be to replace each missing tooth with an
implant rather than a pontic. If a tooth is to be
extracted before implant placement, the clinician can
choose to place the implant in the fresh socket
instead of waiting for the socket to heal. This study
showed that placement of implants in fresh sockets
reduces the risk of implant failure. This may be
because there is less bone resorption, so that the
bone volume is sufficient to ensure primary stability.17

Other benefits of immediate placement are that the
soft tissue can be maintained and that the implant
can be placed in the same position and with the same
inclination of the natural tooth it is replacing.17 Using
these recommendations, the clinician can decrease
the risk of failure of immediately loaded implants.

CONCLUSIONS

The results of this analysis suggest that the overall 1-
year survival of immediately loaded implants is
90.3%, with an associated 95% CI of 86.9% to 93.7%.
Timing of implant placement relative to extraction,
the use of uncoated implants, and number of pontics
used were related with an increased risk of implant
failure. The sample size was small for the uncoated
implants, and the statistical significance of this might
be due to chance. In terms of clinical treatment plan-
ning, these factors might be modified to enhance the
predictability of implant success and survival in
immediately loaded implants.
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